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[AH#g] SSI AH 

[MwmX] 2002.09.09 

[^S°J SSI Oil SSI SXI gJ oi §x|2J e^^l 

[s h S^J ScSI!] Semiconductor memory device and sense amplifier thereof 

[SSJPJ] 

IS SI ^Slf 

[fS^2E] 1-1998-104271-3 
[Qj£|oi] 

[ CH £| oj 2 H ] 9-1 998-000642-5 

[SI^Sf^S!5] 2000-054081-9 

[£g°l §S5^|] JEUNG.SE0NG HO 

[?eJi^Sl5] 690610-1163125 

442-470 

4=§!AI §§§ 967-2 g^OHI^ 603^ 

1202s 

[^3] KR 

[^All ^5HS HI42££I TfSCHI 2|» §9, ^djg HI603S°I ^§ 

CHI °Jth MS^AI- S m=?mUQ. □£|°i 
^1^4= (oj) 

Ol^m^sL] 20 S 29,000 Si 

[^^tsis] 9 a 9.000 s 

0 a OS! 
[£JA^^S] 24 m 877,000 S! 

915,000 S! 

[S^AHW] 1. fi^AH- SA||AH(£S)_1g 
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^ls.el ^ °1 ^ ^Z-7l«- ^7fl^cf. o) 

tilt!" oflSsl H <>HH, HBl^^^l 4^r7fl^ ti]H 5}^^ = t^i*>*l*} 

A]-o]cfl cfloiE)!- *I^Rr c-floiEi t11o)b ^ e)^ ^Mofl a]-°H^ 

^l^ofl -§-#*H 4^7^ c-floiEi el-<y# ti>o]^^ eflts «H<H^«l-fe 

£ 5 
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«VE.*ll ^12-^ ^-^| ^ o] ^^-7] {Semi conductor memory device and 
sense amplifier thereof} 

J£b8: aV£*)l ^£5^ 7fl^^l ^-g: M-iMfe #^-io]cf. 

£2^ £H M-Bf^fl ^7]^] ^-g- M-Er^fl^ 

S.3£r £ ^SL^I *flH.e| ^1^1 ^7l^ <y ^a]^o^ q.^ifl 

24^ H3°fl t+E|-Vfi ^3.^ ^aj-^ ^^^>7l W ^ B±°)*$^o]t±. 

tiV^) DflfiSl ^ ^#71^ ^*H1^ ^-§- 

516£- £5^1 **hgr -g^*>7l ^tb ^ Er°l nj £ oj cf . 

< 7 > ^ ai-c^ v\]s_z) 7£x\o\] ^-^1 ^Sl^SHM °>^3°.3. 

<8> tiV^^l t^S.^ ^V^l^ ^^oj-o} ^oj-^ofl nfs}- Afl^ ^7)5.^ 

<LMm ^r^^- ^ 
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<9> JEb8r #2fl^l ^lS-Sl 7 m^9l M-Bflflfe "-£5^, l7flSj 

eflolE-l# oj # ^^ ^ o. q.^^ ^ol4. 

<io> £1<HH, nflS-S] ^1^- #efl3 "flS-til 1S(MC)## ^wl*Hr i£e] -i <H 

3H(10), S-f ^^(12), He^^M 515.(14), 3He| <a#^ TflolB 3?3.(16), 
^3 tq=LcKl8), ^ 41^ ^71(20)5. t^sW $X^. 

<11> Slofl ufEl-vfl AA^ 7)^^r 

<i2> nfls-sl >t ^efloKio)^ $1 = e^l^CWLl, WL2, .... WLi) «1H eKll: 

(BL1, BL2, .... BLj ) AA^ A >°H1 #sfl3 €(MC)€"S. ^£|<H 5^. 

^Ji, ^S^H dl o] Ei «o»ol Ein^slc}. s-f ^^K12)tt c^efl 

i(RA)» c}:2^*H ej-oi*(WLl, WL2, .... WLi)^ *i^>7l -id^JL^-i- 

iHStH}. S]S(14)^ HlB 5}oi#(BLl, BL2, .... BLj) AAA 

X\o]d\] ^^5]JL AAQ TllolSS HBl^i^l ^l]^A]s(DISCH)7> <?]7>5^ NM0SH$*1 

BL2, .... BLj )-i- t-ms. HBl^^H^tq-. dlojEi <y#^ 7flo]E ^ 5.(16)^ 

«1B 2}<yi:(BLl, BL2, .... BLj) AAA W ^=(C0M)a>o] ofl <g^£]zL zfz}-o] ^o] 

B£ 1^ Ai^Al^CYl, Y2 YjH <?17>51^ NM0SH^^liEl(N2)-i-S. ^sH, 

Ai^Alsl-CYl, Y2, .... Yj) AA°H ^r^M «1H 5K1*(BL1, BL2, 

BLj)4 W 
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^ 1^ ^^^l^-l-CYl, Y2, .... Yj)-g- ^ ^7l(20)fe £^ — ^-3^H ti > 

JUSouO-I- ^<9th=K 

<is> £H| M-El-ufl a]]^ ^s.7lS] <a]ofl<q q-E^^ PMOSH^fl 

^l^Ei(pi)2f NM0SH^^liEi(N3)S SX^. 
< w > £2 sl ^ ^71^ ^^(VDDH 9l7\S\^ ^li #i^J>(Sout) 

TllolHSf £131^ PMOSH^H^l^Ei(Pl), ^ ^ #^^]S(Sout) t 
^•S^Hl ^efl^s}. ti}o)o^ *)H^1Jl(BIAS)71- o]7>£|^ TflolB^ ^ i^El 

(C0MH1 7>^1 NM0SHi?fl*liE-KN3)S ^Q 6 ) 

<is> £2^1^i, NM0SB^*l^Ei(N3)2l ^S. PMOSS^^l^Ei(Pl)^ ^-Jl ^ 

til^flA^ e 71-^lcf. zle)ji ( ^ ^#71^ 3^ o)^°- PMOSB^^l^EKPl) 
s\- NM0SH^^1^e-1(N3)^ a 0 vj: ^e^o] w] 7 > ^cf. 

<16> £2 ^1 ^Ef^ ^<5>£ 4^2f ^-Cf. 

<i?> ^si^^^i ;^*i<y- heM^>*i ^cH^1s(disch)7]- ^-^s]^ 

H^l^^M ^H^IJlCDISCHHI -§-^>^ NM0SB.€^l^Bi(N2)l-ol y]H e}-^!- 

(BL1, BL2, .... BL j ) °1 3*1 ^ ojnfl, wHo^ ^)o] aI^(BIAS)^ 

*joj- efl'toi^.s NM0SH^^1^b1(N3)7> ^ #^JL(Sout)^r ^(VDD-Vtp; 

Vtpfe PM0SB^^1^(P1)S1 g-ig^ojvg. i-MW) sfl 1 !^ ^cf. 
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<is> e]= x%%o] <?]7>s|^ #^*l<y- 31 ^ wH^i *]M<0Jl(BIAS)7} -t^^Ji, 

*1H^JL (DISCH)^ 3*1 ^ $MS. ttj-^, NM0SH^*l^£i(N2)l- 

o] NM0SB^fl^l^Ei(N3)7l- ^^4. ^^H, NMOSH^^l^Bi(N3)l- 

7> ^* ^(COM)^ efl^o] ^o>^7fl ^-f- ^=(C0M)^ #<y-oj ^o}^ 

NM0SBS£^1^EKN3)^ Tfl^lH^- ^^}o]o| ^oj. ^ NM0SH$*1 ^E-i(N3)2l ^-^^ 
oj-^c)- ^o\7]7)) s}^ NM0SB^^1^b-1(N3)7> ^H^. ^, ^S.(C0M)^| #<y-°l ^ 

<19> o] ^EflolH, ^^^<a- efl^t^ B}<?](WL1) ^^lJr , ^ 5gej ^^A]S(Y1)7> 

t^s]^ eKKWLl)^ tilH ^(BLl^H^l o^tg §Efl^ nfls.^ 4(MCH 
£4. °M, #efl4=) ^ISL^ H(MCH1 HM^ »0"ol 7-1^ ^-f°fl-^r NMOSH^^l^Ei 
(Nl), ^ #sfl3 "11 2- 3 ^1(MCH ^ ^(COM)S^-Ei ^fifl^ °fla.5l 4(MC)^- 

*s.7fl ^4. ^i'S, ^ ^=(C0M)^ ^<y-°l ^>^7fl £lJl, NMOSH^fl 
£r3°l NM0SBSE^^E^(N3)1- iH7)| ^t}-. o^i ^ > ^\ 

&± ^71(20)^ o)^6\) ^c(cOM)^ ^oVa. ^o}x1t11 

< 20 > ^ofl, «efl4=) iI(MCHl cIM^ ^-f^l^ #2fl3 ^lS^ € 

*1 SMI 4^1, NM0SH^7l^E : |(N4)7> i£ao S ^ ^ ai -^(Sout) 

*}sl #<£(VDD-Vtp) eflf* ^1^4. 
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i ^^tf* ^ 4#4 £4. 

<22> ej = ^.ov c-flolE-] efo]^ ^ ot 0.4VO1J1, NMOSH^l^H (N3)^ = 

efl^^f i^Aj-o]^ ^oj- ^ 0.2Volzi, PMOSB^l^(Pi)^ ^^^^ 
0AW°]JL, nfljEs} ^o) cflojE-1 "0-o.S. H^n^^ ^^<^] PMOSB^l^KPl)^ 

Jl^SI ^ 0.2V<>14. 

<23> 44*1, o]^ ^<3-l-# 5.^ Ci*>^ 2\± &Q&<&-£ 4 1.2V7> ^4. 

<24> ^, £2ofl u|-E|-va ^ 4°l-2- J i L -^ tHS^ PMOSH^M^KPD^ 

^ 0.4V #44 t^47fl ^ <?1*1H i.2v o]a o voi ^^^<y-o] 

4-°H^r -§-4«r <r £4. ^4, *3 ^ £4* JUBRVt}^ i.2V 

<25> 7j-2}-3°.3., tiV£*fl uflS.il} ^a. fi^ 1.0V°14^ 7i^€#°*Hl 

<26> .g. uV^o} S-*^ 7l^# 0 *HH o>;^ O.JL Jg^V ^ ol^ ti> £ ^ ^ 

i- ^n^Hrni &4. 

^ ^7l» 2fl^sRrH) &4. 
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<28> #71 ^*>7l #*1^ 4^7fl^ ^o]s^ 4^ 7 fl 

o} a]E 2fo]#A>oi6fl 4^7)]^ pfls.^ ^h]^- ^JEe} iS ^eflo], n^t) 

— ^^Hl #7l 4^711 si tais 4^7fl si dH3 e^l-^Hl ^d* 

§fe CflolEi TflolB * #7] gjc ^^-Alofl HHOIA ^HAlJlofl -§-#*M 

#71 4^7fl Si Dfloltl Bl-oll; 4z|^- «}oHa ^oj- ^.g, wV°H#*Hr afo^A ^ 

sL^, #71 ElJEL ^#AH1 ^ ^S. 7 l oloflol^- Aljroll -§-^-*H #7l 4^7^ cfl °1 B"j 

*Vfe ^ ^5)5.1- ^«l*Hr ^ ^711- ^til*>^ 4^8 

<29> #7l Cf^- -S-^ ^#*>7l £ ^£^1 ^l£2l #*1£) €^ #^"71^ 

ti>°l°l^ ^H^l^^l -g-^H <*fli ^^IJl ^}Wr »M°li wM^R 1 ^ 
^ «H°1^ sis., ^ <&i 91^}°}^: -§-#*H #7l ^ ^^IJl 

<30> #7l ^ 9] V\o]o]+ #7l ^ ^^IJl ^7}A}o]o\) 

<£^$. ^llH^^l^^, #7l tiH°1^ *lHA}Jro]l -§-^><^ -g^^ #7l ^lB^^l^Ei 
1- SL?Lis}jL #7l Ajli ^#7l ^H^- A]J17> ^Hl^ *fl2B€*l^, ^ 

#71 y>ol^^ ^H^lJloll -§-^«H ^H-ir^M #71 ^ <&m\3L ^7.} 2] ^oj-o. 
tt^ #71 ®£l ^7} °HH-g- AjJ^f ojoflo]-^}^ d^ollol^.51^ ^lltil5l# 
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<3i> #7] ^7]^ Afl^ ^s}^ ^ll^Bflfe ^i^^ 0 ^ ^1^ A >°1°11 

o] #7) afllii.E.3. ^*Rr ^|3H^^^E-|, #7l -ffli #^7l ^1^1 oil- ^IS^l 

-§-#*M ^^ollrSlJi Aj. 7 i Afli oi^Ai^ #7>£] ^-g- wV^^H ^12^5. #^*Rr 

7}^ ^^-1- *5 7ll ^15H^7.1^E^, £ ^71 ^S.7l oil ^!±i -S-^V 

o$ o}d\}o)M.z\3i a o v 7 i ^i^hs] ^"Shi- B^^H ^-71 ^ tHI^ *\)2*\ 

Si* ^l^Rr ^ W . 
<32> ^"71 ^ ^^-71 Si Afl^ ^3.3^0} ^l2^Hfl^ ^€^"^4 ^1^^>°H1 <3« 

^"71 *flllnJEL5. ^if-I- ^^Hfr ^3H€^1^E^, ^-7] ^li^Sf A>7l ^ ^^^15: 
^AVolofl <g^£lJl Aj- 7 1 ^ ^S-71 01011011: Aljrofl -g^S}^ 4-S\o] ^ oj 

^^121 *#*Hr ^UH^^l^, ^ A> 7l ^ -S. 7 l oj^oll- Aljrofl 

-S-^SH ^Hl"^ ^ «a^^ ^7f^ ^OJ-O. A> 7 ] ^ f^A]Jr 

» I^Kr ^12^311- ^ti^Hr 3* 
<33> ^JjL^. £^-§r #J15. §H £ oflS Si g o] ^) 

<34> 5L3-°r £ #5.^ #*]^ ^ ^7} 2] oj AJaHIS] uj-Bflfl 

^ S1S.H5.a-1, PM0SH^^liEi#(P2, P3), ^ BWBUFDsL «M<H^ jzJ^(30), 
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^ PM0SH^^liEi(P4), NM0SH$*1^1-(N4, N5), ^eUINV), ^ a]^(BUF2)S. 

<35> £.3<*IM, ti>ol<^^ 5]S(30)^ ^^(VDDH <?l7>£l^ ^ ^:=(C0MH1 

<Q^^ ^ell^^f 2tE.(nlW TlHHl- 7>^1 PM0SS^^liEi(P2), ^B(nlHl <S 

^ =eflo]4 ^^^<y°l ^7>s)^ «>ol^i ^1^a1s(BEN)7> ^17>£]^ 71MH 

1- 7>^1 PM0SS^^^i(P3), ^ ^-g- ^=(C0MH1 <^ ^7faf ^(nD^l M 

^1 #^ ^V^f *H°1^ ^H^lJUBEN^}- ^7>sl^ ^^loll- 7>^1 tJ^(BUFl)3. 

54^. ^ S]S.(32)^ ^^SHVDDH ^]7>£l^ ^fif ^l#<£oj oi 7 f5] 
^ TiHHSf ^.EL(n3Hl <£^.Q = eflo]^. 7 |.^i PMOSB^liEi (P4) , PMOSH^l^Ei (P4) 
°) =eflo]oi) <g%Q =5fl«yizf ^=(n2)^ll ^^s] 7lMm4 ^-g- ic^CCOMHl ^ 
^1- 7V^1 NM0SS€^l^Ei(N4), ^-f- i^E.(C0MH ^ c]-x><4 i^( n 2)°fl 

^ #^ ^ ^7] <eHH-l- A]S(SEN)7> °J7>£]^ ^Hl" 7M <£vi) 

EKINV), i^=(n2Hl H.efl<y3f ^ ^13l(SEN)7> <?17>S]^ t]}°] 

H^f 3*1 ^'SMI 7>^1 NM0SH^^]^Ei(N5), ^ ^(n3)<^l ^ ^ 

(SEN)7> ^]7l-£l^ <?H°m 7>^1 ^SKBUF2)5. olcf. 

<36> £3ofl i^ufl ^*}7) -§-3]- E]-olnl.£ S Ai ( £1 ^ ^4 

» °}&*}^ £3^1 q-El-^ ^*j-g- ^-tq-. 

<37> £4<HH, ^€\t^^}t] ^l^AiJi(DISCH)^ el^. ^<y- ^*]*I<y- efl^ 

zl, aH°1i *)H^1J:(BEN)^ ^el^i^l *)H^JUDISCH)£) ^0]^ -g-^H 
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(DISCH)sl -s-^M tf^fe €^ n^JL, 3= eKl(WLl) ^ 

a}j-j=. uj-olo]^ ^H^jL(BEN)Sl #o]o]} -§-#*H 4^*1-3. B^^x}*] 

S(DISCH)^ ^ ^olofl A^s^ ^>7 0 Vs>^ l^i ^l^olcf. 

Hel^^^l 7l7j-(TlHH, eflt^ sel^^^l ^H^JUDISCH) 

7} iMSs]^ H^l^^xM ^Ha1Jt( DIS CHH -§-#«H EH NMOSB^E^l^Bl 
(N2)*°l ^£)<H «1H 2K1»(BL1, BL2, .... BLj W ^x}#<$ «S ^tf. 
^lt^ «>ol^^ ^l^AlJKBEN)^ -S-^aH hWBUF1)7> $lS.s\JL PMOSH^^li^ (P3) 
7> i^E.(nl)7> ^3i<y- 31^3. ^cf. he^, PM0SH3N ^ (P2)7> J2.H.^tq-. 

eflt^ ^ ^^7l <>HH^ a]s(SEN)<H1 -g-^H ?ltH^(lNV)2l- tH 
3l(BUF2)7> o] 7l*HH, ^ #^A]^( Sout )^ efl*§5L ^ 

3^, £3€ efl^i* ^Sjul, E-£(n3)^ PM0SS?fl^l^Bi(P4)7> NMOS 

H^^]^eKN4)7> ^^(VDD) efl^o] ^c^. 

s]jei -f-sj- ^ ti}o]o^ 7]7_V(T2)^Ai, *l-&*l<y- Bfl^ 4°]°^ *)M^]J:(BEN) 
7} t^s]^, H^i*>*] ^H^IJKDISCH)^ ^l*!^ eflll ^HW. n}eH , PM0S 
H€*l^(P3)i!r aWBUFD^r ^-f- t=(C0M)sl efl*i°l Aijr^- ^ 

i^=( n l)S ^^1^1^ eflt^r Zisl^, PM0SSiS*l^E-KP2)7} ^r^M ^ 

E=(C0M)^ efl^-i; ^<^7fl ^t}. ^ tS.(C0M)^ tH^(BUFl)^ 

VDD/2 efl'io)] E^Tfl tH2KBUFl)7]- ^=(nl)S 3^3*3- efl»g# # 

ojofl ttj-e}-, PM0SB^^l^Ei(P2)7> °l^£r E^-(COM) 
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^ ^ VDD/2 31^5. ^H^4. °H, Ajl^ f^7l <?HH!- 

^5l(SENHl -§-#«H »1^(BUF2)7> c^joj-g-sqjT. ^ #^A]^(Sout)^ 7l#(TlH 
eflt^r -n-^ltl-cf. ^H(n3)^ (P4)7j- ^S]J1 NM0SH$*1 

iEi(N4)7> ^HSl^H efl^# ^1^4. 

< 40 > e]el ^ ^o> ^ 7l^V(T3)^^, efl^a) cqc el-ol(WLl) ^^IJL, ^ 

zjig ^^(YlH] -§-#*H ^ 5l-^l(WLl)4 «lH ^(BLl)A>olofl <g^^ ^efl^ 
^12.e) H(MC)°1 o]nfl, il^l ^|o]Bj "0"<>] 91 

£1^1 ^vfl NM0SHM^e|(N2) ^ #Hfl4=| ^lS.el -fi(MC)°l ^r^<H ^ IcH. 
(COM)S^Ei ^sfl^ ^12.^ 1£(MC)* #ff-7} Jre^ ^rf. n^M, 

(COM)Sl *J<#oj ^-o^tII 3e]JL, eflt^l ti}o]c^ ^H^lJl(BEN)^ 4fl 

i ^7l <?Ho]^- -y^(SEN)^ -S-^SH PM0SB^^1^E-|(P3)7> 31, NMOSB^l^ 
E^(N5)7> °.^£\JL, tH^(BUFl)7l- i^ioilo]^-E]ji ( <ytHEi(INV)^ tf)^(BUF2)7> *1<HH 
Ir^cf. PM0SB^*1^&|(P3)7} 2nH.(nl)7> ^^l^i^ S\JL, <>H 

PM0SH^^)iEKP2)7> ^ i^=(C0M)S 3.313], ^-f- ^ 

H.(C0M)S^Ei #2fl4i *S(MC)# #^-7> AS JL3.71 nfl^ ^:§- 

^-E.(C0M)£] ^<y-^ ^-o>^7fl ^tHEidNV)^ ^ i^ELCCOM)^ £<#o) o] 

tHE-|(INV)^ S-^^S] ^ VDD/2^1 JEi^Mj ^=(n2)S efl*i^ ^IJll- 

^r^^cf. ne^, NM0SB^^l^Ei(N4)7> ^^( n 3)S.^-E^ ^--f- ^(COM)S ^ 

7> ^s^i ^cf. u^a], ^c (n3 )o^ ^<y-ol ^•o>^]7ll °H, PM0SB€*1^eKP4) 

^ ^31 ^H^} NM0SB^l^Ei(N4)^ a o V^ .SOjE^y}. 3 7l nfl°-oll ^J=(n3) 

^ ^<y-^r *H*I igo^] sir}. wWBUF2)fe i^l(n2)^ ^<y-ol ^s](BUF2)^ ^£ 
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<S9l VDD/2o11 £^>7fl #^^l^(Sout)l- ^^4. 

^^H, ^ ^(COM), ^(n3), ^ ^ #^^l^(Sout)5l ^^d°l M"^ 

<41> OV^^l, #2fl4=l *flS-^ €(MCHl »l"ol SX^. 1^3 

5-2} H(MCH nfl^-ofl ^ ^(COM)S-^-E^ *fl5L3 ^(MC)# 

*l^-7> = ^711 ^4. n}-sM, ^H.(C0M)S] #^7> ^^S]^l &7fl ^Cf. 

(N4)Sr £.H^4. ^(n3)fe ^^J- -fM*}:[L, tH^(BUF2)^ efl^ 

^ ^^Al^(Sout)# ^S^K EHnjJE^H, ^# ^(COM) , i^EL(n3) , ^ * 

< 42 > ti >S^ ^ ^-g- ^*Rr £3^ M-E^-^H €^ ^^7l7> ^ o}^ ^ 

<43> e)= ^2)- ^-oj. e)-<y^ ^oj-^; o.4V^i, NM0SS31*]^£KN4)2l & 

^± 0.4VO]JI, wj-t] o]rf]Eo1] o]^. g-E^oV^ ^2}-^ 0.2VO14. 
ttj-e^, ol§ #<y-^g: 2.^ ^li ^^^^^1 ^ 1.0V7> ^t}. 

< 44 > ^, £3^1 M-Bl-ufl ^ ^71^ PM0SB3!*liEi(P4Hl Qis} 

SUCK usiM-, £3^1 q-H+^fl ^ ^71^ £2^1 M-b}-^ ^5fl^ ^ ^7}o\] wlsfl ^ 

^ 01^14, ^ £ £5L Jl^*Vcf^ l.OV^l £€*i<?HI 
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<45> 5L5^ ^4 uVEsfl 4£4 ^44 ^ ^-44 4^ ^444 44 
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5U4. 
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4441- 4s(SEN) #^4-44 7fl4H4 ££(C0M)4 £^)4# 7} 

4 PM0SH€4^4(P6), 4 ^ ££(C0M)4 444 444 €^ #^4J4Sout) 
^MS^Hl 444 #4 444 €^ ^4 44 4# 45:(SEN)7l- ^l7>4^ 44 4 # 
44-1- 7>4 44(BUF3)s ^44 &4. 
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<so> 444^ 4 s (30) 4 £34 44 Ml 444^ 4^(30)4 -§-44 ^44-£3 

£44 l-as 44 ^Tfl 4*fl : i 444. 

<si> ^44^44 -^4 44(TD44, 444^ 33.(30)4 4«fl4 ^-f- ££(COM)7}- 
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<53> ^ ^.o> ^ 7l?J:(T3)^^, ^ -&5fl4=l ^lH.el iS(MCHl "0"<>1 ^ 

#2fl^ ^llSLe} H(MC)<>1 ^sl^ i^JE.(C0M)# #efl3 ^SLB] Ifi(MC) 

5L #^-7} Ji^Tll s)o] ^ ^(COM)^ ^oj- efl^ol ^}*l7ll ^4. ^^l^^ eflt^ 

f^7l a1^(SEN)7> ^r^s)^ PM0SB€^l^H.KP6)7l- £z\5l tf|i£l(BUF3)7> 

^Hl^t}. n^-eH, ^s- ^=(C0M)£l ^^1 ^^(BUF3)^1 ^^^l VDD/2 eflHIH 
S.^7fl 51^ *WBUF3)7} ^l^tt Aj)i #^Ais(Sout)» ffiW-. Efol^g 

<54> ui-Tgofl 7l?i(T3)^^ ( ^ #efl4=l "flS.^ iKMCH] c-flo]ei »0"<>1 t^J-sH ^3 
nflS-E] >t(MC)o] ^.H£l^ ^-g- ^(COM)S^-Ei #2fl4=l oflS.^ €(MC)# f-S}o} 

(BUF3)^ efl^ €^ #^^ls(Sout)l- f#4. ^H^S^IM, ^ ^ 

(COM), ^ 431^ t^-ilJUSout)^ ^£.5. q-tq-Lfl&c}-. 

<55> zlsIjl, PM0SB^^1^B^(P5, P6)^r ^ ^"Tfl ^TflsH 7l#(T3)°lH PMOSH^l 

^Bi(P6)7} ^ o.^ ^(C0M)S-^ ^ifl^ HlB et-o]^! <g^^ #efl3 cflS.^ 
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<57> PM0SBSB*liEi-i-(P5, P6H ^ ^ #*>4 *t$^*] #7) nfl^-ofl E|JEL ^*}- 

o> d]olEi Efolo) ^oj-ol ot 0 .4V°1-E.S. *l<y-£r ^ 0.4V7> ^4. 

<58> ^, £5^] U(-Ef^ Afl^ ^7l^ 3^ ^^O] qt 0 .4V^SS l.OV^ T^^i^l 

<#o] o]7>^^ ^ ^4. 

<59> a o v # ^v 4i^H^r ^efl^ ^l^el ^£^1 ^12-^ ^13. #0] ^ 

*>^^4, ^2.&) H<>1 4\d e]= ^i-g- Tjfls.el H-t- ^w]tV «V£^1 ^12. si ^-^1 

<60> # 7 )6^fe -S. H>^^ ^Al^l- ^^Ct) 41^0^]^ sfltg- 7 ]# 

51 ^t£€ ^^Rr ^>7l^l ^ tt^l 7l7fl^ ^^^1 A>Aj- ^ O.S.«-E^ 

3^4*1 ^ ^MH>H -a nf^>7fl ^ ^ *r °1« 

<61> ^^el ^ ^ o] ^ ^71^ ^^"M^JSl 

^^s. ^ 5U4. 

<62> 4&H, ^#^^1*1 ^^HRr ^K£*fl #*l<2l ai^^o] ^a>^ ^ 

$14. 
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1- ^*Hr TflolH ^ 

#7l SlH W>ol^^ *H*JiL<*fl -g-#§H 4^7fl^ Cflol^ 

w> 0 l<H^ ^<y- efltf^. H>©H#*|-fe #7l e} = €^ 

^#7] oloflol^- Aljrofl -§-#*}o} #7] 4^7fl<3] nflolEi E^]^ Z^*} «Ho^ 

^ #^7l» ^SHr 3* ^8-2-3. ^ «V£^1 v])5L?J\ #*1. 
2] 

^l^ofl 91°]*), #71 H}ol^^ 

#7] t-iHEi e|-oiA>oiofl o^si ^UH^^liBi; 

#71 H.B^^*>*1 ^^-Alofl #7l *Ho^ ^HAl^ofl -g-#T5>^ -grS\o] #7l 2fll 
H^xl^Ei!- 2.E.*\-31 #71 E)JEL -^^AH] Aj- 7 | ^ ^S. 7 ] oloflo]^. AlJ^ olofloj-g- 
51 ^ *H2H€*1^; * 
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^12%H1 $1^^, ^7] A]l ^ ^2H^^1^^1- ^4^r 
4] 
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°J" efl'i^: *fl2ic.BS #^s>^ ^Ei; 
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6] 

7] 

PMOSB^^^e-1^1 3* ^ilS. *>fe «VE*ll ^lS-^l ^1. 
[^^J- 8] 

^15%H1 91°1*\, ^7] ^14 ^ ^5H^^l^l- 
9] 
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eflt^ ^*>Ji, i«sl a]^» lH8*Hr ^* ^-3-2.3. *Kr 

[^t 1 * 17] 

^13%H1 SW^, # 7 ] €^ 

Hi! 

#7l ^ ^#7l «y^ol^- Aljrofl -§-#«H ^Hlr^U #7l ^ ^miSL # 
7}£\ ^QSl #31 *H *fl 22^=3. #^*Rr Sl^I 

-8-71 ^2^H.3l- ^l^tf^H o^sU # 7 J ^ i ^71 <>HH# #Jrofl 

#7l ^ll^H.fif Ajii <a^*J3: <2:7>a}oH <g^s]ji a o v 7 i ^12^=^ e^ofl 

-g-lg-*H -£5}o| -Aj- 7 ] ^l^S^-El -#7} ^ #7}3. *st11 ^ ^ 

tH5J)*H #71 4fl^ iH^Kr ^2tHsl» ^w]*Rr ^ ^^as sfe ^ 

18] 

^17%H1 £M*1, #7l 7fl5H^^l^El^ #Jl ^€^7} #7] *H3H3I*l^Eis] # 
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